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(57) Abstract 

Compounds of formula (I), wherein A completes a 4 to 7 membered carbocyclic ring which may be saturated or mono-un- 
saturated and which may optionally be fused to a further saturated or unsaturated 5 or 6 membered carbocyclic ring; R is H, 
C r C 6 alkyl, benzyl or an alternative biolabile ester-forming group; R 1 is H or Ci-C 4 alkyl; R2 i s H, OH, C r C 4 alkyl, C r C 4 
alkoxy, halo or CF 3 ; R3 is CH 2 OH or C0 2 R 4 where R 4 is as defined for R; and R 5 is defined to include a range of alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, and substituted alkyl groups including in particular methoxyethyl, S-lysylamino- 
methyl, N 2 -acetyl-S-lysylaminomethyl and N^-methanesulphonyl-S-lysyl-aniinomethyl, are atriopeptidase inhibitors of util- 
ity in the treatment of hypertension, heart failure, renal insufficiency and other disorders 
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WO 91/10644 PCT/EP90/021S6 

"Cycloalkyl-substituted glutaramide diuretic agents 

1 

This invention relates to a series of cycloalkyl-substituted 
glutaramide derivatives which are diuretic agents having utility 
in a variety of therapeutic areas including the treatment of 
various cardiovascular disorders such as hypertension, heart 
failure and renal insufficiency. 

According to the specification of our European patent 
applications EP-A-0274234 and EP-A-0343911 we describe and claim 
certain cyclcal]?yl-substituted glutaramide derivatives as diuretic 
agents. The present invention provides further related conpounds 
having a 2 , 3-dohydroindene substituent. 

The compounds are inhibitors of the ziiK>dependent, neutral 
endopeptidase E.C.3.4.24.11. This enzyme is involved in the 
breakdown of several peptide hormones, including atrial 
natriuretic factor (ANF) , which is secreted by the heart and which 
has potent vasodilatory, diuretic and natriuretic activity. Thus, 
the compounds of the invention, by inhibiting the neutral 
endopeptidase E.C.3.4.24.11, can potentiate the biological effects 
of ANF, and in particular the ocrpounds are diuretic agents having 
utility in the treatment of a number of disorders, including 
hypertension, heart failure, angina, renal insufficiency, 
premenstrual syndrome, cyclical oedema, Menieres disease, 
hyperaldosteronism (primary and secondary) pulmonary oedema, 
ascites, and hypercalciuria. In addition, because of their 
ability to potentiate the effects of ANF the axpounds have 
utility in the treatment of glaucoma. As a further result of 
their ability to inhibit the neutral endopeptidase E.C.3.4.24.11 
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the oonpcunds of the invention nay have activity in other 
therapeutic areas including for example the treatment of asthma, 
inflammation, pain, epilepsy, affective disorders, dementia and 
geriatric confusion, obesity and gastrointestinal disorders 
(especially diarrhoea and irritable bcwel syndroms) , the 
modulation of gastric acid secretion and the treatment of 
hyperreninaemia and leukaemia. 

The cxanpounds of the present invention are of the formula: 




R 2 



vtoerein A completes a 4 to 7 membered carbocyclic ring which may 

be saturated or itononmsaturated and which may 

optionally be fused to a further saturated or 

unsaturated 5 or 6 menibered carbocyclic ring ; 

R is H, Cj-*^ alkyl, benzyl or an alternative biolabile 

ester— forming group; 

R 1 is H or C,-C 4 alkyl; 
2 

R is H, OH, Cj-C 4 alkyl, C^-C^ alkoxy, halo or OFy 
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R is CH^CH or O0 2 R wherein R is as previously defined 

for R; 

and R 5 is Cj-Cg alkyl, C 2 -Cg alkenyl, C 2 -C g alkynyl, 

Cj-C^ cycloalkyl, or C^-C^ cycloalkenyl, 
5 . 

or R is c^-Cg alkyl substituted by halo, hydroxy, Cj-Cg 

alkoxy, C^-Cg alkoxyCC^-CgJalkoxy, cycloalkyl, 

Cj-Clj cycloalkenyl, aryl, aryloxy, heterocyclyl, -nrV , 

-NR 8 Cm 9 , -NR 8 S0 2 R 10 , -OONrV or rVn- (C^-Cg) alkoxy ; 
5 . 

or R is Cj-Cg alkyl substituted by a group of the formula: 

R 12 

-ra^co-i-R 13 

4" 



R 12 

11 ' 13 

-NR SO.-C-R or 
I 

R 14 



R 13 

-ocwr i:l -c-r 14 
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—to i^tf^y H, c^ 4 a^l, c 3 ^ 

cycloalkyl, aryl, aryl ( ^-C^ ) alkyl , C 2 ~C 6 alkoxyalkyl, 

6 7 

or heterocyclyl; or the two groups R and R are taken 
together with the nitrogen to which they are attached to 
form a pyrrolidinyl, piperidino, morpholino, piperazinyl 
or N-(C L -C 4 )aIkyl--piperazinyl group; 
R 8 is H or Cj-C 4 alkyl; 

R is Cj-C 4 alkyl, CF 3 , aryl f aryl ( C^-C^ ) alkyl , 

arylf^^Jalkoxy, heterocyclyl, Cj-C 4 alkoxy or NR 6 R 7 
6 V 

wherein R and R are as previously defined; 
R 10 is Cj-C^ alkyl, C^-C^ cycloalkyl, aryl or 
heterocyclyl; 

R 11 is H, C^-Cg alkyl, aryl or C^-C^ cycloalkyl; 
R 12 is R^ODNR 11 -, R^SO^ 11 -, I^SpR-(ay or 
R 0-, wherein each R 11 is as previously defined above; 
R 13 and R 14 are each independently H or Cj-C 6 alkyl; or 
R 13 is H and R 14 is C^-Cg alkyl which is substituted by 
OH, Cj-C^ alkoxy, SH, SO^, NH^ aryl^-C^alkyl- 
OO0NH-, NH^OD-, C0 2 H, guanidino, aryl, or heterocyclyl; 

13 14 

or the two groins R and R are joined together to 
form, with the carbon atom to which they are attached, a 
5 or 6 roembered carbocyclic ring which may be saturated 
or mono-unsaturated and which may optionally be 
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substituted by C^-C^ alkyl or fused to a further 5 or 6 
mattered saturated or unsaturated carbbcyclic ring; 

or R 13 is H, and R 12 and R 14 are linked to form a 

2- grcup; 
R 15 is R L6 R 17 N00- / K^OOD-, R^XXH^- or hetexocyclyl , 
wherein is as previously defined above; 
R 16 and R 17 are each independently H or C^-Cg alkyl; 

and p is 0 or an integer of fron 1 to 6; 

and pharmaceutical^ acceptable salts thereof and bioprecursors 

therefor. 

In the above definition, unless otherwise indicated, alkyl 
groups having three or more carbon atoms may be straight or 
branched-chain, The term aryl as used herein means an aronatic 
hydrocarbon group such as phenyl, naphthyl or biphenyl which may 
optionally be substituted with one or more CH, CN, CF 3 , C^-C^ 
alkyl, C 1 -C 4 alknxy groups or halo atoms. Halo means fluoro, 
chloro, bromo or iodo. 



The term heterocyclyl means a 5 or 6 membered n itr ogen, 
oxygen or sulphur containing heterocyclic group which, unless 
otherwise stated, may be saturated or unsaturated and which may 
optionally include a further oxygen or one to three nitrogen atoms 
in the ring and which may optionally be benzofused or substituted 
with for example, one or more halo, C^-C^ aUcyl, hydroxy, 
carbamoyl, benzyl, axo, amino or mono or di-(C^-C 4 alkyl) amino or 
(Cj-C 4 alkanoyl) amino groups. Particular examples of heterocycles 
include pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, 
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, furanyl, 
tetrahydrofuranyl, tetxahyd r cp y ranyl, diaxanyl, thienyl, oxazolyl, 
isaxazolyl, thiazolyl, indolyl, isoindolinyl, quinolyl, 
quinoxalinyl, quinazolinyl and benzimidazolyl , each being 
optionally substituted as previously defined. 

Die compounds of formula (I) may contain several asymmetric 
centres and thus they can exist as enanticmers and diasterecmers. 
The invention includes both mixtures and the separated individual 
isomers. 

The pharmaoeutically acceptable salts of the cxxrpouncis of 
formula (I) containing an acidic centre are those formed with 
bases which form non-toxic salts. Examples include the alkali 
metal salts such as the sodium, potassium or calcium salts or 
salts with amines such as diethylamine. Compounds having a basic 
centre can also form acid addition salts with pharmaoeutically 
acceptable acids. Examples include the hydrochloride 
hydrobrcmide, sulphate or bisulphate, phosphate or hydrogen 
phosphate, acetate, citrate, fumarate, gluconate, lactate, 
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maleate, succinate and tartrate salts. 

The term bicprecursor in the above definition means a 
pharmaceutical^ acceptable biologically degradable derivative of 
the ccxtpound of formula (I) which, upon administration to an 
animal or human being, is converted in the body to produce a 
oonpound of the formula (I) . 

A preferred group of ccnpounds of the formula (I) are those 
wherein A is (CH^ and R 1 and R 2 are H, i.e. ccnpounds of the 
formula (II) below wherein R, R 3 and R 5 are as previously defined 
for formula (I) : 




R0 2 C 

(ID 



Also preferred are those cccpounds of formulae (I) and (EE) 
wherein R and R 4 (when R 3 is CX) 2 R 4 ) are both H (diacids) as well 
as biolabile mono and di-ester derivatives thereof wherein one or 
both of R and R 4 is a biolabile ester-forming group. 

The term biolabile ester-forming group is well understood in 

the art as meaning a group which provides an ester which can be 

readily cleaved in the body to liberate the corresponding diacid 

4 

of formula (I) wherein R and R are both H. A number of such 
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ester groups are well known, for exanple in the penicillin area or 
in the case of the ACE-irihibitor antihypertensive agents. 

In the case of the compounds of formulae (I) and (H) such 
biolabile pro-drug esters are particularly advantageous in 
providing ccatpounds of the formula (I) suitable for oral 
adrrdnistration. The suitability of any particular ester-forming 
group can be assessed by conventional animal or in vitro enzyme 
hydrolysis studies. Thus, desirably for optimum effect, the ester 
should only be hydrolysed after absorption; accordirgly, the ester 
should be resistant to hydrolysis before absorption by digestive 
enzymes but should be readily hydrolysed by, for exairple, liver 
enzymes. In this way the active diacid is released into the 
bloodstream following oral absorption. 

In addition to lower alkyl esters (particularly ethyl) and 
benzyl esters, suitable biolabile esters include altanqyloxyalkyl 
esters, including alkyl, cycloalkyl and aryl substituted 
derivatives thereof, aryloxyalkyl esters, aroyloxyalkyl esters, 
arylalkyloxyalkyl esters, arylesters, aralkylesters, and haloalkyl 
esters wherein said alkanqyl groups have from 2 to 8 carbon atoms 
and said alkyl groups have from 1 to 8 carbon atoms and are 
branched or straight chain and said aryl groi?)s are phenyl, 
naphthyl or indanyl optionally substituted with one or more Cj-C 
alkyl or alkoxy groups or halo atoms. 

Ihus exanples of R and R 4 when they are biolabile 
ester-forming groups other than ethyl and benzyl include: 
1- (2 , 2^ethylbutyryloxy) ethyl, 2-ethylpropionyloxymethyl , 
l-(2^thylprqpionyloxy)ethyl, 1- ( 2 , 4-dimethylbenzoyloxy ) ethyl , 
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1- (benzoyloxy) benzyl , 1- (benzoyloxy) ethyl , 2^methyl-l- 
propionyloxypropyl , 2,4 / 6-trimethylbenzoylc2>^ethyl f 1- (2,4,6- 
trimethyl-benzylaxy ) ethyl , pivalcyloxymethyl , phenethyl, 
pherprcpyl, 2,2,2-trifluoroethyl, 1- or 2-naphthyl, 2,4- 
dimethy lpheny 1 , 4-t-butyl-phenyl, 5- (4-methyl-l , 3-diaxalynyl- 

2- <jnyl) methyl and 5-indanyl. 

Compounds of the fonrulae (I) and (U) wherein R is benzyl or 

t-butyl and R 4 is ethyl are valuable intermediates for the 

preparation of the diacids wherein R and R 4 are both H. 

5 

In a further preferred group of c c npo unds R is methylene 

substituted by a group of the formula -NHCXX3l 12 R" L3 R 14 ' 

particularly where R 12 is NHj, R^OONH- or R n S0 2 KH-, R 13 is H and 
14 

R is -(Oi 2 ) 4 NH 2 . Particularly preferred are such groups derived 

5 

from S-lysine; thus especially preferred R substitutents of this 
type include S-lysyl-amiionethyl, and 

!^-me£hanesulphanyl-S-lysyl-s^^ . 

_ 5 

In further groups of preferred cccpounds R is C^-C^ alkyl, 

or ^-Cg alJcyl substituted by C^-Cg alkoxy, particularly 
5 

methoxyethyl; or R is Cj-Cg alkyl substituted by phenyl. 

Particularly preferred individual oonpcunds of the invention 
include: 

2-{l-[2 (S) -carbaxy-3- (S-lysylamino) propyl ]cyclopentyl- 
csrbonylamino } -2 , 3-dihydroindene-2-<2a±)axylic acid, 

2-{l- [2 (S) -carboxy-3- (^-^rethanesulphonyl-S-lysylamino) - 
propyl ] cyc^cperrtylcarbonylaniino } -2 , 3-dihydroindene-2-rarboxylic 
acid, and 
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2-{l-[2 (S) -carboxy-3- (N^iretiianesulphc^ - 
propyl ] cycl^entylcarfx^lamino } -2-hydroxymethyl-2 , 3-dihydroindene 
and biolabile ester derivatives thereof. 

The craipounds of formula (I) are prepared by a number of 
different processes. The basic procedure involves the synthesis 
of a partially protected cycloalJcyl-subsrti^ glutaric acid 
derivative viiich is ccupled to an amine to give the desired 
glutaramide. Hie carboxylic acid group in the amine, if free, or 
any reactive groups in R , may require protection during the 
coupling step and such protecting groups are removed in the final 
stages of the process. 

ttie synthetic route is illiastrated in Scheme 1 wherein A, R 1 
and R 2 are as previously defined, R 5 ' is as defined for R 5 with 
any reactive group therein protected if necessary, R is as 
defined for R excluding H, or is a conventional carboxylic acid 
protecting group, and R 3 ' is either O^OH or O0 2 R 19 wherein R 19 is 
as previously defined for R 4 excluding H or is a conventional 
carboxylic acid protecting group: 
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Scheme I 



R~ 



CHCH. 



k C0 2 H 




R 18 o 2 c 



(III) 
I 



CY 



18 
R Q 2 c 



CHCH 



CONH 




(V) 

i 

(i) 

2he reaction of the compounds of formula (IH) and (IV) is 
achieved using conventional amide coupling techniques. Thus in 
one process the reaction is achieved with the reactants dissolved 
in an organic solvent, e.g. dichloromethane, using a diimide 
condensing agent, for example l^thyl-3-(dimethylaminopropyl) - 
carbodiimide, or N^^cyclohexylcarbodiimide, advantageously in 
the presence of l-hydroxybenzotriazole and an organic base such as 
4-nethylmorpholine. The reaction is generally complete after a 
period of from 12 to 24 hours at room temperature and the product 
is then isolated by conventional procedures, i.e. by washing with 
water or filtration to remove the urea byproduct and evaporation 
of the solvent. The product may be further purified by 



12 

crystallisation or cirranatography, if necessary. The ccnpourds of 
formula (V) include compounds of formula (I) therein R and R 4 are 
C^-Cg alkyl or benzyl. 

In seme cases the coupled product, in protected form, may be 
subjected to conventional chemical transformation reactions to 
allow preparation of further compounds of formula (V) . Thus for 
exanple ooaxpounds of formula (V) wherein R contains an ester 
group nay be hydrolysed or hydrogenated to generate the carboxylic 
acid which may be further reacted, for exanple with an amine, to 
give amide derivatives. 

CI 

Similarly ratpounds wherein R contains a substituted or 
prote c ted amino group (for example a benzylamino, dibenzylamino, 
benzyla>ycarbonylamino or t-butyloscycaitocrylamij^ group) may be 
converted to the free amines by hydrogenation or protonolysis as 
appropriate. The amines produced may be further reacted, thus for 
example reaction with a sulphonyl halide yields the corresponding 
sulphonamides, acylation with an acid chloride or anhydride yields 
the corresponding amides, reaction with an isocyanate yields urea 
derivatives and reaction with a chlorof ormate yields the carbamate 
products respectively. All these transformations are entirely 
conventional and appropriate conditions and reagents for their 
performance will be well known to those skilled in the art as will 
other variations and possibilities. 

The diesters of formula (V) wherein R 3 ' is <X> 2 R 19 may be 
further reacted to give the monoester of diacid derivatives of 
formula (I) wherein one or both of R and R 4 are H. The conditions 
used will depend on the precise nature of the groups R 18 and R 19 
present in the compound of formula (V) and a number of variations 
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are possible. Thus for example vfoen both of R 18 and R 19 are 
benzyl, hydrogenation of the product will yield the diacid of 
formula (I) wherein R 3 is CX> 2 R 4 and R and R 4 are both H. 

18 19 

Alternatively if one of R and R is benzyl and the other is 

alkyl, hydrogenation will yield a nonoester product. This can be 

hydrolysed, if desired, again to yield the diacid product. When 

one of R 18 and R 19 is t-butyl, treatment of the ccnpound of 

formula (V) with trifluoroacetic acid yields the corresponding 

acid. The diester product viierein R 18 and R 19 are benzyl or lower 

alkyl can also be treated with trimethylsilyl iodide to produce 

the dicarboxylic acid product. If some other carbaxylic acid 
• 18 19 

protecting grrxp is used for R or R then clearly expropriate 

conditions for its removal must be employed in the final step to 

give the ester or diacid product of formula (I) . In the case 
3" 

vfaere R is CH^OH a single deprotection step is required to 
produce the canpcunds of formula (I) using deprotection methods as 

18 

appropriate to the particular R group present in the ccrtpound of 

formula (V) . In the case where the ring A or the substituent R 5 

is unsaturated, the deprotection must be effected by non-reductive 

methods, thus for example if either of R and R 4 is benzyl, they 

may be removed by treatment with triirethylsilyl iodide. 

As well as removdng any protecting group which may be present 
5 1 

in R , a number of chemical transformation reactions are possible 
on the final mono-ester or diacid products as previously 
described. In each case the product may be obtained as the free 
carbaxylic acid or it may be neutralised with an appropriate base 
and isolated in salt form. 
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In a variant of the above procedure, conpounds of the formula 
(I) wherein R 5 is Cj-Cg alkyl substituted by -NR 8 O0R 9 , -NR 8 S0 2 R 10 , 
-NR 11 CXXR 12 R 13 R :L4 or -NR 11 S0 2 CR 12 R l3 R 14 are prepared by a process 
which involves acylating or sulphonylating a compound of the 
formula: 




20 
k NH-Y 



CHCH 2 

r 18 o 2 c , . 



wherein R 20 is as defined for R 8 or R 11 , R 18 and R 3 ' are as 
previously defined and Y is a Cj-C 6 alkyl group; by reaction with 
an acid of the formula R 9 C0 2 H, R 10 S0 3 H, K L2 K L3 R L4 CX» 2 H # or 
R HR R CS0 3 H, or an activated derivative thereof. The resulting 
amide or sulphonamide product is then deprotected if required and 
the mono- or diester product cleaved to yield the carboxylic acids 
of formula (I) herein R is H and R 3 is d^OH or OD^L as 
previously described. 

Die coipounds of formula (VI) are prepared following the 
procedures shown in Scheme 1 but using a compound of formula (III) 
having R as a protected amine derivative. Thus, for exairple R 
can contain a bis- [ (IS) -phenylethyl] amixonethyl substituent. 
Hydrogenation of the coupled product gives the corresponding free 
amine of formula (VI) wherein R 20 is H and Y is O^. This route 
is of particular value for the preparation of conpounds having 
2(S) stereochemistry in the glutaramide backbone. 
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Ihe starting cycloalkyl-substituted glutaric acid mono esters 
of formula HI may be prepared as described in our European patent 
applications EP-A-0274234, 89305180.5 and 89304698.7. 

Die amines of formula (IV) are generally known compounds 
or they are prepared by appropriate synthetic procedures in 
accordance with literature precedents. Thus in one procedure the 
compounds of formula (IV) wherein R 3 is O^CH may be prepared by 
reduction of the corresponding acid, or lower alkyl ester for 
example vising sodium borohydride. 

Appropriate coupling and protecting methods for all of the 
above steps and alternative variations and procedures will be well 
known to those skilled in the art by reference to standard text 
books and to the examples provided hereafter. 

As previously mentioned, the compounds of the invention are 
potent inhibitors of the neutral endopeptidase (E.C.3. 4.24.11) . 
lhis enzyme is involved in the breakdown of a number of peptide 
hormones and, in particular, it is involved in the breakdown of 
atrial natriuretic factor (ANF) . -mis hormone consists of a 
family of related natriuretic peptides, secreted by the heart, of 
which the major circulating form in humans is known to be the 28 
amino-acid peptide referred to as alpha-hANP. Thus, by preventing 
the degradation of ANF, by endopeptidase E.C. 3.4.24.11, the 
compounds of the invention can potentiate its biological effects 
and the compounds are thus diuretic and natriuretic agents of 
utility in a number of disorders as previously described. 

Activity against neutral endopeptidase E.C.3.4.24.11 is 
assessed using a procedure based on the assay described by J.T. 
Gafford, R.A. Skidgel, E.G. Erdos and L.B. Hersh, Biochemistry , 
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1983 , 32, 3265-3271. The method involves determining the 
concentration of compound required to reduce by 50% the rate of 
release of radiolabeled hippuric acid from hippuryl-3> 
phenylalanyl-L-arginine by a neutral endopeptidase preparation 
from rat kidney. 

The activity of the compounds as diuretic agents is 
determined by measuring their ability to increase urine output and 
sodium ion excretion in saline loaded conscious mice. In this 
test, male mice (Charles River CD1, 22-28 g) are acclimatised and 
starved overnight in metabowls. The mice are dosed intravenously 
via the tail vein, with the test compound dissolved in a volume of 
saline solution equivalent to 2.5% of body weight. Urine samples 
are collected each hour for two hours in pre-weighed tubes and 
analysed for electrolyte concentration. Urine volume and sodium 
ion concentration from the test animals are compared to a control 
group which received only saline. 

For administration to man in the curative or prophylactic 
treatment of hypertension, congestive heart failure or renal 
insufficiency, oral dosages of the compounds will generally be in 
the range of from 4-800 mg daily for an average adult patient (70 
log) • Thus for a typical adult patient, individual tablets or 
capsules contain from 2 to 400 mg of active compound, in a 
suitable pharmaceutical^ acceptable vehicle or carrier for 
administration singly, or in multiple doses, once or several times 
a day. Dosages for intravenous administration would typically be 
within the range 1 to 400 mg per single dose as required. In 
practice the physician will determine the actual dosage which will 
be most suitable for an individual patient and it will vary with 
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the age, weight and response of the particular patient. The above 
dosages are exenplary of the average case but there can, of 
course, be individual instances where higher or lower dosage 
ranges are merited, and such are within the scope of this 
invention. 

For human use, the conpounds of the formula (I) can be 
administered alone, but will generally be administered in 
admixture with a pharmaceutical carrier selected with regard to 
the intended route of administration and standard pharmaceutical 
practice. For example, they may be administered orally in the 
form of tablets containing such excipients as starch or lactose, 
or in capsules or ovules either alone or in admixture with 
excipients, or in the form of elixirs or suspensions containing 
flavouring or colouring agents. Ihey may be injected 
parenterally, for example, intravenously, intramuscularly or 
subcutaneously. For parenteral administration, they are best used 
in the form of a sterile aqueous solution which may contain other 
substances, for example, enough salts or glucose to make the 
solution isotonic with blood. 

The compounds may be administered alone but may also be 
administered together with such other agents as the physician 
shall direct to optimise control of blood pressure or to treat 
congestive heart failure, renal insufficiency or other disorders 
in any particular patient in accordance with established medical 
practice. Thus the compounds can be co-administered with a 
variety of cardiovascular agents, for example with an ACE • 
inhibitor such as captopril or enalapril to facilitate the control 
of blood pressure in treatment of hypertension; or with digitalis, 
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or another cardiac stimulant, or with an ACE inhibitor, for the 
treatment of congestive heart failure. Other" possibilities 
include coadministration with a calcium antagonist (e.g. 
nifedipine, amlodopine or diltiazem) a beta-blocker (e.g. 
atenolol) or an alpha-blocker (e.g. prazosin or doxazosin) as 
shall be determined by the physician as appropriate for the 
treatment of the particular patient or condition involved. 

In addition to the above, the compounds may also be 
administered in conjunction with exogenous ANF, or a derivative 
thereof or related peptide or peptide fragment having 
diuretic/natriuretic activity or with other ANF-gene related 
peptides (e.g. as described by D. L. Vesely et al, Bicchem. 
Biophys. Res. Comm., 1987, 143, 186). 

Thus in a further aspect the invention provides a 
pharmaceutical ccnposition comprising a ccnpound of the formula 
(I) , or a pharmaceutically acceptable salt thereof or bioprecursor 
therefor, together with a pharmaceutically acceptable diluent or 
carrier. 

Ihe invention also includes a ccnpound of the formula (I) , or 
a pharmaceutically acceptable salt thereof or bioprecursor 
therefor, for use in medicine, particularly for use as a diuretic 
agent for the treatment of hypertension, congestive heart failure 
or renal insufficiency in a human being. 

One invention further includes the use of a compound of the 
formula (I) for the manufacture of a medicament for the treatment 
of hypertension, heart failure, angina, renal insufficiency, 
premenstrual syndrome, cyclical oedema, Menieres disease, 
hyperaldosreronism, pulmonary oedema, ascites, hypercalciuria, 
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glaucoma, asthma, inflammation, pain, epilepsy, affective 
disorders, dementia and geriatric confusion, obesity, 
gastrointestinal disorders (including diarrhoea) , hyperreninaemia, 
leukaemia, and the modulation of gastric acid secretion. 

The preparation of the compounds of the invention will now be 
more particularly illustrated by reference to the following 
e^erimental Exanples. The purity of catpounds was routinely 
monitored by thin layer chromatography using Merck Kieselgel 60 
F 254 P lates * "Smuclear magnetic reasonance spectra were recorded 
using a Nicolet QE-300 spectronieter and were in all cases 
consistent with the proposed structures. 
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EXAMPLE 1 

2-f l-f2 (R.S) -<^i±)o>cy-4-phenvll3atvl 1 cvclopentvlcarbonvlamjiQ l - 
2,3-dihydroiixiene-2-c^^ acid 

(a) 2-AmiiK>-2,3-dihv^ acid , benzvl ester 

A mixture of 2-aBuiK>-2,3-dihydro^ acid 
hydrochloride (R. M. Pinder, B. H. Butcher, D. A. Buxton ani D J 
Howells, J. Med. diem., 1971, 14, 892), (11.33 g, 0.053 m) , 
benzyl alcohol (27.5 ml, 0.27 m), para-toluenesulphonic acid 
monohydrate (12.1 g, 0.064 m) and benzene (150 ml) was boiled 
under reflux with continuous removal of water losing a Dean-Stark 
trap. After 48 hours, further quantities of benzyl alcohol (27.5 
ml, 0.27 m) and benzene (100 ml) were added, and the reaction 
allowed to continue under reflux for a further 72 hours. She cool 
reaction mixture was diluted with diethyl ether and the resulting 
white precipitate collected by filtration and washed with diethyl 
ether. The crude tosylate salt was then dissolved in water and 
this solution basified with 1M aqueous sodium hydroxide solution, 
then extracted with ethyl acetate. The combined extracts were 
washed with saturated brine, dried (anhydrous Ne^SC^) and 
filtered. Evaporation under vacuum of the filtrate gave an oil 

(7.6 g, 53.6 %) which solidified at room temperature over-night. 
Crystallisation of a sanple from hexane afforded the pure product 
as a \tfiite solid, m.p. 55-55. 5°C. Found: C,75.98; H,6.38; N,5.18. 
c 11 & 1 'jN02 rec 3 uires C,76.38; H,6.41; N,5.24%. 
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( b ) 2-( 1- r 2 m . S> -Ethovyrarbmyl -4 -chenvltam-yl i cvci np gn+yi - 
carfaonylainim}-2 ,3^ihvri m ind e n^^r^wl j c knA* t w^i ~+~ r 

Qxalyl chloride (470 mg, 3.74 mmol) was added at roan 
temperature to a stirred solution of l-[2 (R,S) -ethoxycarbonyl-4- 
phenylbutyl]cyclcpGntane carboxylic acid (600 mg, 1.87 mmol) in 
dry diciiloranethane (10 ml) containing dry dimethylformamide (2 
drops). After 2 hours the solvent was removed under vacuum and 
the residual oxalyl chloride evaporated azeotropically using dry 
dichloranethane (3 x 10 ml) . 

Ihe crude acid chloride was dissolved in dry dichloromethane 
(15 ml), then the resulting solution added dropwise to a stirred, 
ice-cold solution of the product from step (a) (500 mg, 1.87 mmol) 
and dry triethylamine (210 mg, 2.06 mmol) in dry dichloromethane 
(25 ml) ; stirring was continued for 1 hour at 0°C, then for 16 
hours at room temperature. The reaction mixture was diluted with 
dichloromethane (60 ml) , washed successively with water, 1M 
hydrochloric acid, water, saturated aqueous sodium bicarbonate 
solution and water, dried (anhydrous Na^) and filtered. 
Evaporation under vacuum of the filtrate afforded a brown gum (880 
mg) which was purified by chrotatography on silica gel using an 
ethyl acetate in hexane elution gradient (0-25%) . Evaporation 
under vacuum of the appropriate fractions provided the required 
product as a clear oil, which subsequently formed a white waxy 
solid; crystallisation from diethyl ether-hexane gave the pure 
product (437 mg, 41.1%), m.p. 89-90°C. Found: C, 76.21; H,7.22; 
N,2.48. C 3g H 41 N0 5 requires C,76.16; H,7.28; N,2.47%. 
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2.3-dihvdroindene"2-ca3ix>xvlic acid 

(c) A 1M aqueous solution of sodium hydroxide (5 ml, 5 mmol) was 
added at room temperature to a stirred solution of the above 
product (430 mg, 0.76 mmole) in 1,4-dioxan (10 ml) and methanol 

(2.5 ml) . After 5 days, the reaction mixture was diluted with 
water (40 ml) , its pH adjusted to 7 with 2M hydrochloric acid, and 
the organic solvents removed by evaporation under vacuum. The 
resulting mixture was washed with diethyl ether, acidified to pH 2 
with 2M hydrochloric acid, then extracted with ethyl acetate. The 
combined extracts were washed with saturated brine, dried 

(anhydrous Ha^SO^) , filtered, and evaporated under vacuum. 
Crystallisation of the residue fram ethyl acetate-hexane gave the 
required product as a white solid (200 tog, 56.6%) . Found: 

C,71.30; H,6.88; N.3.25. ^T^j^s 7 °* 17 a *3 CD 2 C 2 H 5 re 9 uires 
C,71.59; H,7.02; N,3.02%. 

EXAMPLE 2 

2-{l-r2 (R.S) -<^rfaoxv-4-methox^utvl 1 cvclooentvlcarbonyl - 
amino ) -2 . 3-dihydroirdene~2-carboxylic acid 
(a) 2-(l-r2 (R.S) -Benzvloxvcarbonvl-4-met^^ 

c^3±onvlaininoH2 . 3^ihvdroinder^2-carboxvlic acid, benzvl ester 
The procedure of Exanple 1(b) was followed using 1-[2(R,S)- 
benzyloxycarix3r^l-4-^ carboxylic acid (334 

mg, 1 mmole) and 2-amino-2 , 3-diliydroirKaer^2-c^rboxylic acid 
benzyl ester (267 mg, 1 mmol) , to furnish the required diester 
(430 rog, 72.5%). Found: C,72.95; H,7.03; N,3.08. ^ 3 ^4lPe ; °* 5 
1^0 requires C,72.75; H,7.14; N,2.36%. 
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(b) 2-(l-r2 fR.Sl Hartx3XV-4-itethoxvtaiJtvl 1 cvclopentvlcartx>nvl- 
amino)-2,3-dihydroirfler^ acid 

A solution of the above product (390 mg, 0.67 mrrol) in 
ethanol (20 ml) was hydrogenated over 10% palladium an charcoal 
(39 rcg) at 15 p.s.i. (1 bar) ani room temperature for 1 hour. The 
catalyst was removed by filtration through a pad of Arbocel 
(upper) and Hyflo (lower) , then the filtrate evaporated under 
vacuum, and residual ethanol removed azeotrcpically with 
dichlorcmethane to provide the required product as a white solid 
(235 mg, 87-2%), m.p. 142-144°C. Found: C, 65.17; H,7.29; N,3.32. 
C 22 H 29 N °6 rec 3 uires C,65.49; H,7.25; N,3.47%. 

EXAMPLE 3 

2-(l-r2m.Sl-Carfaow-3-fS-l^ 
carbonvlamino^ acid 
(a) 2-Amiixp-2,3^dihN^ acid f ethyl ester, 

hydrochloride 

A stirred, ice-cold solution of 2-anuno-2,3-dihydroinderie^ 
carboxylic acid hydrochloride (2.48 g, 11.6 mnol) in absolute 
ethanol was saturated with dry hydrogen chloride. The resulting 
suspension was stirred at room temperature overnight, then warmed 
to 40°C and treated further with dry hydrogen chloride until a 
clear solution was obtained (2 hours) . After a further 4 hours at 
40°C, the reaction mixture was evaporated to dryness under vacuum, 
then the residue crys t a llised from ethanol-diethyl ether to give 
the pure product (2.41 g, 85.8%), m.p. 189-193°C. Found: C,59.74; 
H,6.69; N,5.76. C--H.-NCL; HC1 requires C,59.63; H f 6.67; N,5.79%. 
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(b ) 2zil£2 rR. S) -^T^-Butovyr^T^onvl-^- f «ti tawvl amino! propyl 1 - 
ryrt opentvlcy r^onyl amino \ -? v-di hvdro.i ndene-2-caiboxylic acid, 
ethyl ester 

lb a stirred, ice-cold solution of 2 (R, S) -tert-butoxycarbonyl- 

3- (dibenzylamino) prcpylcyclopentane carboxylic acid hydrochloride 
(7.84 g, 0.016 m), 1-hydroxybenzotriazole (2.16 g, 0.016 ro) and 

4- methyhrorpholine (4.86 g, 0.048 m) in dry dichloromethane (100 
ml) was added 1- ( 3-diitethylaminoprcpyl) -3-ethylcarbcxiiimide 
hydrochloride (6.13 g, 0.032 m) ; stirring was continued for 1 hour 
at 0°C, then for 16 hours at room temperature. The 
dichlorcmethane was removed by evaporation under vacuum at roam 
temperature, and the residue partitioned between diethyl ether and 
water. The ether phase was separated, washed with water, dried 
(anhydrous Na^SO^) and filtered; subsequent evaporation under 
vacuum at roan temperature of the filtrate provided the crude 
activated ester (9.33 g, 95.4%) as a hemi-solvate with 
dichloromethane, of sufficient purity for further progression. 

To a stirred solution of this activated ester (3.24 g, 5.3 
mmol) in dry aichlorcnethane (40 ml) at 0°C was added 
2-amino-2,3-dihydroir»dene-2-carbo^ acid ethyl ester (1.09 g, 
5.3 mmol) and 4-diitet^laitdnopyridine (0.71 g, 5.8 mmol). After 
0.5 hours the solvent was removed by evaporation under vacuum and 
the resulting viscous oil allowed to stand at room temperature for 
3 days before partitioning between diethyl ether and water. The 
ether phase was separated, washed with water, dried (anyhdrous 
MgS0 4 ) and filtered. Evaporation under vacuum of the filtrate 
furnished an oil which was purified by chromatography on silica 
gel using a dichloromethane in hexane elution gradient (20-100%) . 
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Evaporation of the appropriate fractions provided the required 
product (2,10 g, 61.2%)- Found: C,73.92; H,7.88; N,4.55. 

C 4<ftd l % 0m5 xec ^ jdxes C,74.15; H,7.94; N,4.33%. 

(c) 2-( l-r3-Amlno-2 (R.S) -tert-toutoxvcar^ 

carboiwlaminol-2 . ^^ibyrfrnindene-2-<3rboxvlic acid, e thyl ret-^T- 

A solution of the above diester (2.7 g, 4.2 mnol) in a 
mixture of ethanol (6 ml) and water (0.5 ml) was hydrogenated over 
20% palladium hydroxide on charcoal (270 itg) at 50 p.s.i. (3.45 
bar) and roam tenperature for 16 hours. Ihe catalyst was removed 
by filtration through a pad of Arboael (tpper) and Hyflo (lower) , 
then the filtrate evaporated under vacuum, and residual solvents 
removed azeotmpically with dichloranethane, to afford the 
required product (1.92 g r 99.6%). Pound: C,67.64; H,8.44; N,5.89. 
C 26 H3 8 N 2 0 5 requires C,68.09; H,8.35; N,6.11%. 

(d) 2Wl-r2m,S^tert-Bu tvloxvcarbanvl-3-fN 2 . N 6 -di-benzvloxy- 
carbonyl-S-lvsvl-ami no) propyl! c ycl openhyl f^rbonvlamino)-2 . 3- 
dihvdroin d^^ acid, ethyl ester 

1- (3-Di2iethylainiix^}ropyl) -3^thylcarbodiimide hydrochloride 
(944 mg, 4.92 mnol) was added to a stirred solution of the above 
amine (1.13 g, 2.46 imol), l^ydroxybenzotriazole (322 ng, 2.46 
mmol), N 2 , N 6 ^-benzyloxycaiixxTyl-S-lysine (1.02 g f 2.46 mmol) 
and 4-methyliiorpholine (746 irg, 7.38 mmol) in dry dichloromethane 
(25 ml) at 0°C. Stirring was continued for 0.5 hours at 0°C, then 
for 16 hours at room temperature, before removal of the solvent 
under vacuum. The residue was partitioned between diethyl ether 
and water, then the ether phase washed with 1M hydrochloric acid 
and water, dried (anhydrous Na 2 S0 4 ) and filtered. Evaporation 
under vacuum of the filtrate, followed by chromatography of the 
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residual oil on silica gel using a diethyl ether in hexane elution 
gradient (0-50%) , gave the required product (1.30 g # 61.8%) . 
Found: 0,67.31; H,7.40; N,6.09. c 48 H 62 N 4 0 io ^f^^ C,67.42; 
H,7.3l; N,6.55%. 

(e) 2-(l-r2(R.S)-Carboxy-3-(N 2 , N 6 -^-benzvloxvcarfaonyl-S-lysvl- 
amirrolpropvllcyclapentv^^ 

carboxvlic acid, ethyl ester 

Trifluoroacetic acid (5 ml) was added drcpwise to a stirred 
solution of the above product (1.28 g, 1.5 mmol) in dry 
dichlorcmethane (10 ml) at 0°C. the ice-bath was removed, 
stirring continued for 1 hour at rocxn tenperature, then the 
reaction mixture evaporated tinder vacuum. The crude product was 
dissolved in ethyl acetate and residual trifluoroacetic acid 
removed by washing the solution with saturated aqueous sodium 
bicarbonate solution. Drying (anhydrous Na 2 S0 4 ) , filtration and 
evaporation under vacuum of the ethyl acetate solution, followed 
by azeotropic removal of residual solvent with dichlorcroethane, 
afforded the required product (1.12 g, 90.4%). Found: C f 63.85; 
H,6.66; N,6.59. C^H^l^O^; 1.5 1^0 requires C,63.98; H,6.96; 
N,6.78%. 

(f) 2-f 1- \2 (R. S) -Carboxy-3- ( S-lysvlamireO propyl] cyclopentyl- 
carbonvlamino ) -2 . 3-dihvdroirxaer^2-carboxvlic acid, ethvl ester 

A solution of the above product (1.10 g, 1.33 mnol) in a 
mixture of ethanol (7 ml) and water (0.5 ml) was hydrogenated over 
10% palladium on charcoal (110 mg) at 60 p.s.i. (4.1 bar) and roam 
tenperature for 16 hours. Work-up as described above for Example 
2 (b) provided the required product as a beige foam (740 mg, 
98.9%). Found: C,59.98; H,7.56; N,9.52. C^H^N^; 1.75 1^0 
requires C,59.82; H,8.16; N,9.97%. 
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carfaonylamino}-2 , 3^ihvd^iTri^o- caiixsicvl in art* 

A solution of the above ester (700 rag, 1.24 wool) in 1M 
aqueous sodium hydroxide solution (7.5 ml, 7.5 mnol) was allowed 
to stand at room temperature for 16 hours, then loaded onto a 
column of strongly acidic ion-exchange resin. The column was 
washed to neutrality using distilled water, then eluted with 5% 
aqueous pyridine. Evaporation under vacuum of the appropriate 
fractions gave a glass which was dissolved in distilled water; 
freeze drying of this aqueous solution provided the required 
product (370 mg, 55.4%). Pound: C,57.58; H,7.95; N,10.31. 
'WWW 2B 2° requires C,57.97; H,7.86; N,10.40%. 

EXAMPUE A 

2- ( 1- r 3- f ^-AnPt-yi -s-iysvlami ^ = 2jg JL Sl = carbojgyr g gpy3 icy m rv 
pentylcartxTnylaminoH? . ^hy^^or^^^^-, ^ ^ 

The procedure of Example 3 was followed but using 
^-ac^tyl^-i^ioxyc^nyl^-lysii^ in step (d). Deprotection 
gave the title compound. Pound: C,58.30; H,7.58; N,10.07. 
C 28 H 40 N 4°7 ; 1 ' 75 V requires C,58.36; H,7.61; N,9.72%. 

EXAMPLE 5 

2-(l- [2 (R , S) -CarbQW-3- fl^-Ti**hanesti1 p hn nyl-S-lY gyl ami tv^) - 

propyllcycl opentylcarhonvl amino!-? . ^^roind^s.^^^ 



acid 



Ihe procedure of Example 3 was followed but using N 6 - 
benzyloxycarbonyl-N 2 ^^ in step (d). 

Deprotection gave the title compound. Pound: C,53.99; H,7.l3; 
N,9.31. C 27 H 40 N 4 O 8 S; R,0 requires C,54.17; H,7.07; N,9.36%. 
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EXBMPIE 6 

l-r2 ( S\ -Carboxv-3- f S-lvsvlaminol propyl 1 cvclooentvl- 
^-rhnnyl ami no 1-2 . 3^ihvdroirriene-2-carfaoxvlic acid 

(a) ?-( 1-T2 (S) -t-o-H-.-RiThovY^-rH^nYl -3-( fS. Si- alpha. alpha 1 - 
dimethvldjv^nTyl ^i TO^proDVllcv clooentvlcarfaonvlaini^ , 3- 
d i hvdroirriene-2-carfaoxvlic acid, ethyl ester 

The procedure of Exanple 3 was followed but using 1-{2(S)- 
tert-butoxycarbonyl-3- [ (S , S) -alpha, alpha^l-diirethyldibenzyl- 
amino) propyl ] cyclopentane carboxylic acid in step (b) to give the 
title product, in 79.1% yield. Found: C, 75.45; H,8.30; N,4.0l. 

C 42 H 54 N 2°5 Tet ^ dxes C,75.64; H,8.16; N,4.20%. 

(b) 2-g-r3-Amirto-2 (S) -tert-butoxvcarfaonvlprpovl 1 cyclopentyl- 
^-rhnnyl amino 1-2 . 3-dihvi3rpirder^2-<^rpoxvlic acid, etfavl ester 

Hydrogenation of the above product as described in Example 
3(c) gave the 2(S) isomer of the amine in 99.1% yield. Rf 
(silica) 0.50 (didhlcaxmethane^iethanol, 9:1). 



(c) 2-ll-r2 (S) -r^rhovy-3- rs-lvsvlaminol proovll cvclopentvl- 
rarhnn yl amino 1 -2 . 3^ihvdroindene-2-carbo xvlic acid 

The above amine was coupled to N 2 , N 6 -di-teaizyloxycarbonyl-S- 
lysine following the procedure of Exanple 3(d) and the product 
deprotected as described in Exanple 3 steps (e) to (g) to give the 
title compound. Found: C,56.71; H,7.48; N,9.16. C^^N^; 2.5 
^0 requires C,57.02; H,7.91; N,10.23%. 
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EXAMPIE 7 



2-{l-r2 (S) ^Tlr^-S-f^^n^hgnesulr^nnyl-S-ly^vi^^^ _ 
propylicyclcpentylcarixinvlamijToW^ . ^^ vdrmnrtono ^-carboxvl jg 



acid 



The procedure of Example 6 was followed but using N 6 - 
benzyloxy-carbonyl-^ ^nethanesulphonyl-s-lysine in the coupling 
step to give the title conpound. Pound: C,53.60; H,7.27; N,8.82. 
C 27 H 4C^4°8 S? 1,5 "2° rajiires C,53.36; H,7.13; N,9.22%. 

EXAMPIE 8 

2-{l-r2 (R,S) -Oarhoxvpentvl Icynlcoentvl mrhonvlaminni-9- 
hvdroxvmethvl-2 . hvdroirtdenp 
( a ) 2rAirdno-2-hvdrDXvmet-Ji Y l-2 . 3-dihyr)mi rrtor^ 

A solution of 2-amino-2 , 3-^ihydrt3indene-2-carix«ylic, ethyl 
ester, hydrochloride (1.7 g, 7.03 mmol) in 50% aqueous ethanol (15 
ml), was added dropwise to a stirred, ice-cold solution of sodium 
borohydride (1.11 g, 29.4 mraol) in 50% aqueous ethanol (35 ml), 
then, the reaction mixture heated under reflux for 3 hours. 

The bulk of the ethanol was removed by evaporation under 
vacuum, and the residual suspension saturated with sodium chloride 
then extracted with ethyl acetate. The combined extracts were 
washed with saturated brine, dried (anhydrous MgS0 4 ), filtered and 
evaporated under vacuum. Crystallisation of the resulting white 
solid (1.05 g) from ethyl acetate-hexane afforded the required 
product (0.99 g, 84.8%), m.p. 89.5-90.5°C. Found: C,72.32; 
H,8.02; N,8.17. C^ND; 0.15 1^0 requires C, 72.39; H,8.08; 
N,8.44%. 

(b) 2 -fir fR, S) -Renzyloxvcarhrmvlpenl-vl loyclopenl^l r^r^nr^l ami™)- 
2-hvdroyymethvl-2 r 3-H ihvdroirrierv> 
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1- (3-Dinet^ylandjK3propYl) -3^thylcarixxiiimide hydrochloride 
(767 mg, 4 mnol) was added to a stirred, ice-cold mixture of 1- 
[2(R,S)-benzylaxyrarix^l^^ carboxylic acid 

(637 mg, 2 mmol), 1-hydroxybenzotriazole (270 rag, 2 lmol) , 
4-itethylmorpholirie (202 mg, 2 mmol) , the product from step (a) 
above (332 rcg, 2 mtol) and dry dichloromethane (10 ml) . Stirring 
was continued for 0.5 hours at 0°C, then for 24 hours at roan 
temperature. 

The dichlorcstethane was removed by evaporation under vacuum, 
and the residue partitioned between diethyl ether and water. The 
ether phase was separated, washed with water, IM hydrochloric 
acid, water, saturated aqueous sodium bicarbonate solution and 
water, then dried (anhydrous MgS0 4 ) and filtered. Evaporation 
under vacuum of the filtrate furnished an oil vfaich was purified 
by dironratography on silica gel vising diethyl ether-hexane (1:1) 
as eluent. Evaporation under vacuum of the appropriate fractions 
provided the required product (180 mg, 19.0%). Found: C,73.75; 
H,7.84; N,3.06. C 2 9 H 37 N0 4 ; 0.5 1^0 requires C,73.69; H,8.10; 
N,2.96%. 

(c) 2- ( 1- f 2 f R, SI H^rboxvoentvl 1 cvclopentvlcarbonvlamino ) -2- 
hydroxvroethyl-2 . 3-dihvdroindene 

A solution of the above product (170 mg, 0.36 mmol) in a 
mixture of ethanol (20 ml) and water (1 ml) , was hydrogenated over 
5% palladium on charcoal at 50 p.s.i. (3.45 bar) and room 
tenperature, to give the title product as a white solid (115 mg, 
83.5%), m.p. 126-128°C, after trituration with diethyl ether- 
hexane (1:1). Rami: C,69.04; H,8.15; N,3.63. C^R^NC^; 0.5 1^0 
requires C,69.08; H,8.43; N,3.66%. 



WO 91/10644 



PCT/EP90/02156 



31 

EXftMFEE 9 

2-f 1- T2 (R. S) -C^rboxv-4-chenvlbutvl 1 c^loop.TTt^lcarfaoT^lamino ) - 
2-hvdroxvmethvl-2 . 3-dihvdroindene 

(a) 2-(l-F2 (R.S) -Benzvloxvcarijonv] -4-chenvlbutvl 1 cvclopeTrhvl - 
carbonvlamino \ -2-hvdroxvnethvl-2 . 3-dihvdroindene 

The procedure of Example 8(b) was followed using 1-[2(R,S)- 
benzylc«ycarbc^l-4-phenyl^^ acid as 

starting material and allowing the reaction mixture to stand at 
roan temperature for a further 5 days. The required product was 
obtained as an oil (19.9%). Re (silica) 0.15 (diethyl etner- 
hexane, 1:1). 

(*>) 2-{l-r2 (R.S) H3arfaoxv-4-chenvltxitvl 1 cvclopent^lcartonvl ami no l- 
2-hvdroxvmethvl-2 . 3-di hvdroindene 

Hydrogenation of the above product as described in Example 
8(c) , followed by chromatography on silica gel using ethyl acetate 
as eluent and evaporation under vacuum of the appropriate 
fractions, followed by trituration of the residue with diethyl 
ether-hexane (1:4), gave the required product (62.4%) as a white 
solid, m.p. 140-143°C. Pound: C,73.76? H,7.62; N,3.12. 
C^H^NC^; 1/4 1^0 requires C,73.69; H,7.67; N,3.18%. 

EXBMPIE 10 

2-1 1 - f 7 m , §) -cgrboxv-3- fS-lvsvlaminol propyl 1 cvclopsnfcyl - 
carfaonvlamiiTo ) -2-hvdroxvmethvl-2 . 3-dihvdroindene 
(a) 2-f l-f2 m .Sl -tert-Botoxvcarbonyl -3- f rii hen2vlainire) propyl! 
cyclopentvlcarborr/lamino ) -2-hvdroxvmethvl-2 . 3-dihvdroi nripre 

4-Methylmorpholine (1.78 g, 17.6 mnol) was added to a stirred 
solution of the N-*ydroxybenzotriazole-derived activated ester 
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hemi-solvate with dichloromethane of 2(R,S)-tert^xrtc«ycart)criyl-3- 
(dlbenzylamino) propylcyclopentane carboxylic acid (Example 3b) 
(9.78 g, 16 unci) and 2-amiiK>-2-hydrc«ymethyl-2 , 3-dihydroirdene 
(2.65 g, 16 mmol) in dry dichloranethane (50 ml) at room 
temperature. After 2 hours the solvent was removed by evaporation 
under vacuum and the residue allowed to stand at room temperature 
for 2 days before being partitioned between diethyl ether and 
water. The ether phase was separated, washed with water, dried 
(anhydrous MgSOj) and filtered. Evaporation under vacuum of the 
filtrate, followed by purification of the residue by 
chromatography on silica gel using a dichloromethane in hexane 
elution gradient (20-100%), afforded the required product (3.30 g, 
33.6%). Found: C, 75.09; H,8.02; N,4.69. C^H^Oj, 0.2 CH^ 
requires C,74.75; H,7.95; N,4.57%. 

0°) 2-f l-r3-Amino-2 (R.S) -tert-butox^T ^ nvltaxcvl levclopentvl - 
carbonvlamino > -2-hvdroxvmethvl -2 . 3-dihvdroindene 

The above product was hydrogenated as described in Example 
3(c) to give the title amine in 98.2% yield. Found: C, 68.96 ; 
H,8.88; N,6.63. C 2 4 H 36 N 2°4 r& ^ JCes C,69.20; H,8.71; N,6.73%. 
( c ) 2-( 1- f2 f R. S) -tert-Bu toxvcarfaonvl-3- rw 2 . N 6 -di-benzvl ovy- 
carbonyl-S-lysvlamino) propyl 1 cycl cpent^l^TixanvlamirKD ) -2-hvdroxy- 
methvl-2 . 3-dihvdroirrigng 

The above amine was coupled to N 2 , N 6 -dibenzyloxycarbonyl-S- 
lysine following the procedure of Example 3(d) but using a 
gradient of diethyl ether-hexane (1:8 to 1:1) followed by ethyl 
acetate as eluents for chromatographic purification to give the 
product in 62.0% yield. Found: C,67.59; H,7.53; N,6.75. 
^(PeoVs re ^ ixes C,67.96; H,7.44; N,6.89%. 
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(d) 2-(l-r2fR,S)-Carfaoxy-3-fN 2 . N 6 ^-benzvloxvcarbonvl-S-lvsyl- 
amino) propyl f cyclopent^/lcartxwlainir^ ) -2-hydroxvttrethyl-2 . 3- 
dihydroindene 

A stirred, ice-cold solution of the above product (1,24 g, 
1.52 iranol) in dry dichloromethane (20 ml) was saturated with dry 
hydrogen chloride. After a further 2 hours at 0°C, the reaction 
mixture was evaporated under vacuum and the residue azeotroped 
with dichloromethane to provide the title product as a white foam 
(1.05 g, 85.3%). Pound: C,64.28; H,6.83; N,7.21. C^H^N^; 1.5 
1^0 requires C,64.35; H,7.07; N,7.15%. 

(e) 2-(l-f2(R.S) -Cartooxy-3- ( S-lvsylamino) propyl 1 cvclopentyl- 
cartxpnylamino } -2-hydroxymethy^ , 3-<ji^ydroindei)e 

The above product was hydrogenated following the procedure of 
Exanple 3(f) to give the required title acid as a white foam 
(79.7%). Rxmd: C, 61.20; H,8.14; N,10.41. C^^N^; 1.25 1^0 
requires C,61.09; H,8.38; N,10.96%. 

EXAMPLE 11 

2- ( 1- r 2 (S) -Carboxy-3- (^-^thanesulphonvl-S-lv^lamino) - 
propyl 1 cyclcpentylcarbonvlamiix^ ) -2-4iydroxymetlTyl-2 . 3-dihvdroindene 

The procedure of Example 10 was followed but losing the 
N-hydroxi*)en2otria2ole-derived activated ester of 2(S)-tert- 
butyloxycarbOTyl-3-f (S,S) -alpha, alpha 1 -diinethyldibenzylamii>o] 
propylcyclopentane carboxylic acid as starting material in step 
(a) and coupling with N 6 -tert-butyloxycartor^ 
sulphonyl-S-lysine in step (c) . Deprotection as previously 
described gave the product which was dissolved in a little 
distilled water and freeze dried to give the title product as a 
white solid. Pound: C f 51.50; H,7.38; N,8.67. C 2 7 H 4 2 N 4 0 7 S? HCL? 
1.5 1^0 requires C,51.46; H,7.36; N,8.89%. 
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CLAIMS 

A compound having the formula-: 




R 2 



(I) 



wherein A ccnpletes a 4 to 7 membered carbocyclic ring which may 
be saturated or mono-unsaturated and which nay 
optionally be fused to a further saturated or 
unsaturated 5 or 6 membered carbocyclic ring ; 
R is H, CLj-^ alkyl, benzyl or an alternative biolabile 
est^-forming group; 
R 1 is H or Cj-Cj alkyl; 

R 2 is H, OH, alkyl, Cj-C 4 alkoxy, halo or cry 

3 . 4 4 

R is O^QH or <X> 2 R wherein R is as previously defined 
for R; 



and 



or 



R 5 is C^-Cg alkyl, C 2 ~C 6 alkenyl, C 2 ~C 6 alkynyl, 
^-Cy cycloalkyl, or C.^ cycloalkenyl, 
R is C^-Cg alkyl substituted by halo, hydroxy, Cj-Cg 
alkoxy, C^-Cg alkoxy (C^-Cg) alkoxy, C^-C^ cycloalkyl, 
C 3 -C7 cycloalkenyl, aryl, aryloxy, heterocyclyl, -NR 6 R 7 , 
-NR 8 00R 9 , -NR 8 S0 2 R 10 , -GONrV or rSV^-C ) alkoxy; 
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or R 5 is Cj-Cg alkyl substituted by a group of the formula: 

R 

11 ' 13 
-KR OO-C-R 



,12 



-nr 1:l so 2 -c-r' 



13 



or 



,14 



R 13 



-CJCNR^-C-R 14 
6 7 

wherein R and R are each independently H, Cj-C 4 alkyl, C^-CL, 
cycloalkyl, aryl, aiyl^-C^) alkyl, C 2 ~C 6 alkoxyalkyl, 
or heterocyclyl; or the two groups R 6 and R 7 are taken 
together with the nitrogen to which they are attached to 
form a pyrrolidinyl, piperidino, morpholino, piperazinyl 
or N- (Cj-c 4 ) alkyl-piperazinyl group; 
R 8 is H or Cj-C 4 alkyl; 

R 9 is alkyl, CF 3 , aryl, aryl (C^) alkyl, 

aryl^-C^alkoxy, heterocyclyl, Cj-C 4 alkoxy or NrV 
wherein R and R are as previously defined; 
R 10 is Cj-C 4 alkyl, cycloalkyl, aryl or 

heterocyclyl; 

R 11 is H, Cj-Cg alkyl, aryl or Gj-Cy cycloalkyl; 

R 12 is R U aQNR U -, R^NR 11 -, R l6 R l7 N-(OU -, or 

11 11 ^ 

R 0-, wherein each R is as previously defined above; 

13 14 

R and R are each iixieperriently H or C^-C^ alkyl; or 
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is H and R 14 is Cj-Cg alkyl which is substituted by 

OH, alkoxy, SH, SOL^, NH^ aryl (C^ 6 ) alkyl- 

OO0NH-, NH^OO-, 00 2 H, guanidino, aryl, or heterocyclyl; 

13 14 

or the two groups R and R are joined together to 

form, with the carbon atom to which they are attached, a 

5 or 6 membered carbocyclic ring vrtiich may be saturated 

or itono-unsaturated and which may optionally be 

substituted by C^-C^ alkyl or fused to a further 5 or 6 

membered saturated or unsaturated carbocyclic ring; 

or R 13 is H, and R 12 and R 14 are linked to form a 

2-(N^R 11 -4-aminopyrrolidinyl) group; 

R^OCH^- or heterocyclyl, 

wherein R 11 is as previously defined above; 
16 17 

R and R are each independently H or Cj-C^ alkyl; 
and p is 0 or an integer of from 1 to 6; 

and pharmaceutical^ acceptable salts thereof and biqprecursors 
therefor. 

2. A compound according to claim 1 wherein A is (CH^) 4 and R 1 
2 

and R are H having the formula 



R 5 



\ 




R0 2 C 



CHCH^ > C0NH 



(ID 
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wherein R, R 3 and R 5 are as previously defined for formula (I) . 

3. A compound as claimed in claim 1 or claim 2 wherein R is H, 
R 3 is O0 2 R 4 and R 4 is H. 

4. A compound as claimed in claim 1 or claim 2 wherein R 3 is 

4 A 

00 2 R and one or both of R and R is a biolabile ester- 
forming group and said group is ethyl, benzyl , 1- (2 , 2-diethyl- 
butyryloxy) -ethyl , 2-ethylpn^icnylcaymethyl , l-(2-ethyl- 
propionyloxy) ethyl , 1- ( 2 , 4 -dirnethylbenzoy loxy ) ethyl , 
1- (benzoyloxy) benzyl , 1- (benzoyloxy) ethyl , 2-metbyl-l- 
propionyloxypropyl , 2,4, 6-trimethyl-benzoyloxymethyl , 1- 
(2,4, 6-trimethyl-tienzyloxy) ethyl , pivaloyloxymethyl , phenethyl, 
phenpropyl, 2,2, 2-trifluoroethyl , l- or 2-naphthyl, 2,4-dimethyl- 
phenyl, 4-t-butyl-phenyl, 5- (4-methyl-l , 3^1ioxolenyl-2-onyl) - 
methyl or 5-indanyl. 

5. A compound as claimed in any one of claims 1 to 4 wherein R 5 
is methylene substituted by a group of the formula •^HOa2R 12 R 13 R 14 , 
and R 12 is NFL,, R U O0NH- or R U S0 2 NH-, R 13 is H and R 14 is 

6. A compound as claimed in any one of claims 1 to 4 wherein R 5 
is C^-Cg alkyl, Cj-Cg alkyl substituted by C^-Cg alkoxy or C^-C 
alkyl substituted by phenyl. 

7. A compound according to claim 1 wherein said compound is-: 
2-{ l-[2 (S) -carboxy-3- (S-lysylamino) propyl ] cyclopentyl- 

carbonylamino } -2 , 3-dihydroirx3ene-2-carboxylic acid, 

2-{l-[2 (S) -carboxy-3- (^-methanesulphoriyl-S-lysylainino) - 
propyl] cyclopentylcarbonylamino) -2 , 3 -dihydroindene-2 -carboxy lie 
acid, or 
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2-{l-[2 (S) -carboxy-3- (^-ineOianesulphany - 
propyl ] cyclopentylcarix)nylamino } -2-hydroxyirethyl-2 , 3- 
dihydroindene; or a biolabile ester derivatives thereof. 
8. A process for preparing a compound of the formula (I) as 
claimed in claim 1 which comprises subjecting a ccxtpound of the 
formula-: 




1 2 *5 1 

wherein A, R and R are as previously defined, R is as defined 
for R 5 with any reactive group therein protected if necessary, R 1 * 
is as defined for R excluding H, or is a conventional carboxylic 
acid protecting group, and R 3 ' is either O^OH or a0 2 R 19 wherein 

19 4 

R is as previously defined for R excluding H or is a 
conventional carboxylic acid protecting group; 
to a hydrolysis and/or hydrogenation and/or other deprotection 
reaction to remove any protective group present in R 5 ' and to 
remove one or both of R 18 and R 19 , if present, to yield the 
corresponding dicarboxylic acid of formula (I) wherein R and R 4 
are both H, or to yield the corresponding mono-ester product 
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„4 . 



wherein one of R and R is H and the other is a biolabile 
ester-forming group; or in the case where R 3 "' is a^OH, to yield 
the mono-oarixKylic acid where R is H; and optionally forming a 
pharmaceutically acceptable salt of the product. 
9. A process for preparing a compound of the formula (I) 
wherein R 5 is Cj-Cg altyl substituted by -NR 8 OOR 9 , -nr 8 S0 R 10 , 
^OOCR^V 4 or -NR^CR^R 14 which comprises acylaUng 
or sulphonating a compound of the formula: 



R 20 NH-Y 



* 18 0„c 




wherein R 20 is as defined for R 8 or R U , r 18 and R 3 ' are as 

previously defined and Y is a alkyl group; by reaction with 

an acid of the formula R 9 C0 2 H, R l0 SO H, R 12 R 13 R 14 CCX> H, or 
12_13 14 - 2 

R CS °3 H ' or 311 activated derivative thereof, followed by 

deprotection if required and hydrogenation or hydrolysis of the 

mono- or diester product to yield the carboxylic acid of formula 

(I) wherein R is H and R 3 is O^OH or OD^, and optionally forming 

a pharmaceutically acceptable salt of the product. 

10. A process as claimed in claim 8 or claim 9 wherein R 18 and 
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19 

R are independently selected from t-butyl, ethyl and benzyl and 

said groups are removed by treatment with trifluoroacetic acid, 

aqueous alkali or catalytic hydrogenation respectively, to yield 

4 

the compound of formula (I) wherein R and R (if present) are both 
H. 

11. A pharmaceutical composition comprising a corpound of the 
formula (I) or (II) as claimed in any one of claims 1 to 7 or a 
pharmaceutical^ acceptable salt thereof or bicprecursor therefor, 
together with a pharmaceutical^ acceptable diluent or carrier. 

12. A compound of the formula (I) or (II) as claimed in any of 
claims 1 to 7 or a pharmaceutical^ acceptable salt thereof or 
bicprecursor therefor, for use in medicine, particularly for the 
treatment of hypertension, heart failure or renal insufficiency • 
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wherein a completes a 4 to 7 membered carbocyclic ring which may 
be saturated or mono-Hinsaturated and which may 
optionally be fused to a further saturated or 
unsaturated 5 or 6 roembered carbocyclic ring ; 
R is H, C^-Cg alkyl, benzyl or an alternative biolabile 
ester-forming group; 
R 1 is H or Cj-Cj alkyl; 

R 2 is H, OH, C|-C 4 alkyl, Cj-c 4 altoxy, halo or CFy 

R 3 is O^OH or C30 2 R 4 wherein R 4 is as previously defined 

for R; 

and R 5 is Cj-c 6 alkyl, c 2 -C g alkenyl, 0,-Cg alkynyl, 

^-C^ cycloalkyl, or C^-C^ cycloalkenyl, 
5 . 

or r is C^-Cg alkyl substituted by halo, hydroxy, Cj-c 6 

alkoxy, Cj-Cg alkoxy (C^-Cg) alkoxy, cycloalkyl, 
Cj-Cy cycloalkenyl, aryl, aryloxy, heterocyclyl, -nr 6 r 7 , 
-NR 8 0QR 9 , -NR 8 S0 2 R 10 , -OONrV or rViHC^.) alkoxy ; 
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or R 5 is C^-Cg alkyl substituted by a group of the formula: 

R 12 

11 ' 13 
-NR CO-C-R 



R 

11 1 15 
-NR J " L S0 o -C-R XJ or 

i 

R 14 



KJONR^-C-R 14 



R 13 

I 

O 
I- 



R 15 



6 7 

wherein R and R are each independently H, Cj-c^ alkyl, c^-Cy 
cycloalkyl, aryl, aryl (C^) alkyl, C 2 -c g alkoxyalkyl, 
or heterccyclyl; or the two groups R 6 and R 7 are taken 
together with the nitrogen to which they are attached to 
form a pyrrolidinyl, piperidino, morpholino, piperazinyl 
or N- ( C^-C^ ) alkyl-piperazinyl group; 
R 8 is H or Cj-C^ alkyl; 

R 9 is Cj-C 4 alkyl, CF 3 , aryl, aryl (c,-^) alkyl, 

aryl^-C^alkcoy, heterccyclyl, alkoxy or NR 6 R 7 

6 V 

wherein R and R are as previously defined; 
R 10 is C,-C 4 alkyl, cycloalkyl, aryl or 

heterccyclyl; 

R 11 is H, Cj-Cg alkyl, aryl or cycloalkyl; 

R 12 is R^CONR 11 -, R^NR 11 -, R l6 R l7 N-(Or ) -, or 

11 . 11 P 

R 0-, wherein each R is as previously defined above; 

13 14 

R and R are each independently H or Cj-Cg alkyl; or 
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R 13 is H and R 14 is C^-C^ alkyl which is substituted by 
OH, alkoxy, SH, SO^, NI^, aryifC^^alkyl- 

OO0NH-, Nf^OO-, 00 2 H, guanidino, aryl, or heterocyclyl; 
or the two groups R 13 and R 14 are joined together to 
form, with the carbon atom to which they are attached, a 
5 or 6 mattered carbocyclic ring which may be saturated 
or ncno-nmsaturated and which may optionally be 
substituted by C^-C^ alkyl or fused to a further 5 or 6 
menibered saturated or unsaturated carbocyclic ring; 

or R 13 is H, and R 12 and R 14 are linked to form a 

2- (NKX)R U -4-aminctyrnDlidinyl) group; 
R 15 is R 16 R l7 NO0-, R n cXX>-, R-^OCft^ or heterocyclyl, 
wherein R 11 is as previously defined above; 
R 16 and R 17 are each independently H or alkyl; 

and p is 0 or an integer of from 1 to 6; 

which ocanprises subjecting a compound of the formula: 
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wherein A, R 1 and R 2 are as previously defined, R 5 ' is as defined 
for R 5 with any reactive group therein protected if necessary, R 1 * 
is as defined for R excluding H, or is a conventional carix>xylic 
acid protecting group, and R 3 ' is either O^OH or O0 2 R 19 wherein 
R 19 is as previously defined for R 4 excluding H or is a 
conventional carbaxylic acid protecting group; 
to a hydrolysis and/or hydrogenation and/or other deprotection 
reaction to remove any protective group present in R 5 ' and to 
remove one or both of R 18 and R 19 , if present, to yield the 
corresponding dicarboxylic acid of formula (I) wherein R and R 4 
are both H, or to yield the corresponding mono-ester product 
wherein one of R and R 4 is H and the other is a biolabile 
ester-forming grcxp; or in the case where R 3 ' is O^OH, to yield 
the nono-carboxylic acid where R is H, and optionally forming a 
pharmaceutical^ acceptable salt of the* product. 
14. A process for preparing a compound of the formula (I) 
wherein R 5 is C^-Cg alkyl substituted by -NR 8 O0R 9 , -NR 8 S0 2 R 10 , 
-NR 11 CX)CR :L2 R 13 R 14 or -NR n S0 2 CR^ 13 R 14 which ccanprises acylating 
or sulfonating a ccnpound of the formula: 




WO 91/10644 



PCT/EP90/02156 



45 

20 8 11 18 3 1 

wherein R is as defined for R or R , R and R are as 

previously defined and Y is a Cj-C 6 alkyl group; by reaction with 

an acid of the formula R 9 CC> 2 H, R 10 S0 3 H, R l2 k 13 R 14 CXX> 2 H, or 

R 12 R 13 R 14 CS0 3 H f or an activated derivative thereof, followed by 

deprotection if required and hydrogenatian or hydrolysis of the 

mono- or diester product to yield the carbaxylic acid of formula 

(I) wherein R is H and R 3 is O^OH or CD 2 H; and optionally forming 

a pharmaceutically acceptable salt of the product. 

18 

15 . A process as claimed in claim B or claim 34 wherein R and 
R are independently selected from t-butyl, ethyl and benzyl and 
said groups are removed by treatment with trifluoroacetic acid, 
aqueous alkali or catalytic hydrogenation respectively, to yield 
the ccnpound of formula (I) wherein R and R (if present) are both 
H. 

16. A process according to claim B or claim M wherein A is (CH 2 ) 4 

1 2 

and R and R are H to give a ccnpound having the formula 



R 5 



\ 




R0 2 C 



CHCHj C0NH 



(II) 




3 5 . 

wherein R, R and R are as previously defined for formula (I) . 

17. A process as claimed in claim B or claim 14 wherein R is H, R 3 

4 4 
is 00 2 R and R is H. 
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18. A process as claimed in claim 33 wherein R 5 is methylene 
substituted by a group of the formula -NHCXX3i 12 R 13 R 14 , and R 12 is 
NIL,, R U C30NH- or R n S0 2 NH-, R 13 is H and R 14 is -(CH^NH.,. 

7. A process as claimed in claim 1 wherein r 5 is C^-Cg alkyl, 
C^-Cg alkyl substituted by C,-Cg alkoxy or Cj-Cg alkyl substituted 
by phenyl. 

19. A process according to claim 33 wherein said compound of 
formula (I) produced is-: 

2-{ 1- [2 (S) -carboxy-3- (S-lysylamino) propyl ] cyclcpentyl- 
carixDnylamino } -2 , 3 -dihydroirxiene-2 -carboxyl ic acid, 

2-{l-[2 (S ) -carboxy-3- (^-nethanesulphonyl-S-lysylamino) - 
propyl ] cyclcpentylcarbonylamino } -2 , 3 -^ydroindene-2-<^rbo^lic 
acid, or 

2-{ 1- [2 (S) -carboxy-3- (^-irethanesulphonyl-S-lysylamirio) - 
propyl ] cyclcpentylcarbonylainino } -2-hydroxymethyl-2 , 3- 
dlhydroindene; or a biolabile ester derivatives thereof. 
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